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INTRODUCTION AND HISTORICAL REVIEW
Natural products are the substances which originate from plants, animal, microbial and marine sources. The constituents which are identified and isolated from plants have been used as a lead for a variety of drugs from many decades. About 40% of pharmaceutical products which are used in the present time are mainly derived from natural sources. Natural products also play a significant role in the discovery of new therapeutic agents because of their vast availability in nature, lead to the identification of bioactive molecules which allow the development of new pharmaceutical agents, as well as a tool which is involved in the clarification of complex cellular and molecular mechanisms of action involved in many biological and pathological processes. In the recent years, because of increasing interest in the use of pharmaceuticals, natural substances are the major source of complementary or alternative medicines, which are used in the treatment of many diseases (1) . Western system of medicine usually limits itself to the identification, isolation and preparation of single active ingredient to cure specific ailments. From ancient times, plants are available to humans as a source of therapy. In the 19 th century, due to the advancements in the field of pharmaceutical chemistry especially the medicinal chemistry more than 25% of drugs used in well developed countries are of plant origin and about 120 plant derived substances are used in modern system of medicines worldwide (2) .
At the present time, the plants having significant medicinal effects are used to cure the specific diseases of gastrointestinal tract and skin in countries which have poor living conditions (3) . Ajwain (Trachyspermum copticum L.) is used to treat the discomfort of gastrointestinal tract (4) and it also demonstrated antioxidant activity (5). Nariman et al. (6) have reported anti-helicobacter pyloripotential of ajwain. Vincristine and vinblastine are potent anti-cancer agents obtained from Catharanthus roseus (L.) G. (7, 8) . The whole plant mixture of Cressa cretica L. prepared in water by using black pepper and candy (Misri) is effective in the treatment of chronic fever and jaundice problems. Also its paste of leaves is applied on sores (9) . The juice of dried flowers and leaves of Spilanthes acmella Murr. are used in the treatment of toothache, insecticidal, colic and gastrointestinal disorders (10) . In China, Spilanthes callimorpha A. is used as a fertility regulating agent and for amenorrhea (11) . For the treatment of bleeding piles, diarrhea, toothache and inflammations, the dried leaves and flowers of Abutilon indicum L. (Peelibooti) are used (12) . The paste of leaves of Aerva javanica Juss. (Booh) is externally applied for wound healing and inflammation of human being as well as livestock (9) .
The family Boraginaceae comprised of 100 genera and about 2000 species. The plants of this family are widely distributed in temperate, especially mediterranean and tropical regions. In Pakistan, this family is represented by 32 genera and 135 species. Moreover, some species namely Cordia, Echium and Anchusa are cultivated (13) . Heliotropium, Cordia, Arnebia, Martensia and Trichodesma are the important genera of the Boraginaceae family. Fruits of the Cordia are used as diaphoretic and sometimes as astringent (14) . The leaves and roots of Trichodesma indicum Lehm. are effective against snake bites, urinary diseases and used as diuretic. The root of this plant is also applied as a paste on swellings, joints and is used in dysentery in children (15) . Today, Alkanna (Alkanna tinctoria L.) root is used almost exclusively as a cosmetic dye. Orally, it has been used for diarrhea and gastric ulcers. Traditionally, Alkanna root has been used topically to treat skin wounds and diseases (16) .
Heliotropium is a large genus of family Boraginaceae which consists of about 250-300 species in the whole world. These species are widely distributed in temperate and tropical regions of both hemispheres (13) . The name "heliotrope" derives from the fact that these plants turn their leaves to the sun (17) . In Pakistan, it is the largest genera of family Boraginaceae with 23 
Traditional medicinal uses
In the modern time, more than 80% world's population depends on the traditional system of medicines. The knowledge of traditional system of health care is widely threatened in the whole world due to revolutions in traditional philosophy (18) . The native people of the area in which the plants occur, used 90% of natural products (19) . Traditional and native knowledge of medicinal plants, still remain exist world widely (20) . Due to the broad range importance of ethno-pharmacological flora, this review was arranged to collect ethno-medicinal knowledge about the different plants of genus Heliotropium (see Table 1 ).
PHARMACOLOGICAL ACTIVITIES OF GENUS HELIOTROPIUM
Plants of the genus Heliotropium display a wide range of pharmacological activities. Different biological activities of extracts and their bioactive constituents provide a basis for better understanding of the underlying mechanisms involved (37). A brief overview of their activities have been presented here (also see Table 2 & 3) .
Antibacterial activity
Antibacterial activity of the methanolic extract of whole plant of H. strigosum showed different zones of inhibition which are formed by crude extract, ethyl acetate fraction, chloroform fraction, aqueous fraction, n-hexane fraction and standard doxycycline (30 µg). All these fractions are active against Staphylococcus epidermidis with the minimum inhibitory concentrations (MICs) of 8, 6, 8, 8, 6 The extract exhibited significant activity at the concentration of 100 µg/mL with the inhibition area logged against A. niger, A. wentii and R. oryzae is 8.00, 9.00, 8.00 mm respectively as compared with the standard fluconazole (44).
Antioxidant activity
The crude extract and subsequent subfractions of whole plant of H. strigosum were screened for antioxidant activity by using 1,1-diphenyl-2-picrylhydrazyl scavenging assay (DPPH). The n-hexane fraction of methanolic extract displayed strong antioxidant activity with an EC 50 value of 35.53 µg/mL while ethyl acetate fraction also showed significant antioxidant activity with an EC 50 value of 30.34 µg/mL. The aqueous fraction also revealed good antioxidant activity and had an EC 50 value of 20.51 µg/mL. The crude extract did not show any antioxidant activity, same was true about the chloroform sub-fraction (14) .The flavonoids isolated from the resinous exudate of H. sinuatum revealed significant antioxidant activity (45). The chloroform and methanolic extract of whole plant material of H. zeylanicum hold substantial antioxidant activity along with its antidiabetic and antihyperlipidemic effects (46).
Anti-inflammatory activity
The crude extract of the whole plant of H. strigosum and its subsequent solvent fractions showed anti-inflammatory activity in carrageenan-induced edema and xylene-induced ear edema. In carrageenan-induced edema, the ethyl acetate fraction was most dominant with 73.33% inhibition followed by hexane fraction (70.66%). When the extracts were tested against xylene-induced ear edema, ethyl acetate and hexane fractions were found active with 38.21% and 35.77% inhibition, respectively (47). The chloroform extract of dried leaves of H. indicum demonstrates significant anti-inflammatory activity in carrageenan-induced edema and cotton pellet granuloma models of inflammation. The extract of H. indicum with a concentration of 150 mg/kg body weight showed maximum 80.0% inhibition on carrageenan-induced raw paw edema compared with the positive control drug, diclofenac sodium (48).
Antinociceptive and anticonvulsant activity
The crude extracts and subsequent solvent fractions of H. strigosum were tested for antinociceptive and anticonvulsant activity in animal models. In acetic acid-induced writhing test, crude extract, n-hexane, ethyl acetate and aqueous fractions established marked reduction of nociception at test doses 50, 100 and 200 mg/kg intraperitoneally. When challenged against thermally induced pain model, pretreatment of extracts demonstrated prominent enhancement at test doses 50, 100 and 200 mg/kg intraperitoneally. In both tests, inhibition of noxious stimulation was in a dosedependent manner, and the ethyl acetate fraction was most dominant. Thus, the extracts of H. strigosum showed significant antinociceptive effect in both centrally and peripherally acting pain models (49). The chloroform extract of dried leaves of H. indicum was examined for antinociceptive activity in hot plate model in male swiss albino mices. The extract of H. indicum with a concentration of 150 mg/kg body weight showed maximum 82.79% antinociception in the hot-plate test as compared to a control drug, pentazocine (48). The methanol extract of the dried roots of H. indicum was observed for substantial antinociceptive activity in acetic acid-induced writhing mices. The extract produced significant inhibition in acetic acid-induced writhing mices at the oral doses of 250 and 500 mg/kg body weight comparable to the standard drug diclofenac sodium at the dose of 25 mg/kg of body weight (50).
Antineoplastic and antiviral activity
The n-hexane, dichloromethane fractions of ethanolic extract of aerial parts of H. subulatum and its subsequent crude extract was examined for significant antineoplastic and antiviral activities. For antineoplastic activity, it was found that ethanol extract, n-hexane and dichloromethane fractions revealed significant activity with the inhibition of 19.3 and 32.2 %, 22.5 and 16.1 %, 09.6 and 06.4 % at the dose of 50 and 100 µg/kg/day. For antiviral activity, it was revealed that the ethanol and hexane crude extracts showed significant activity to Coxsackie, Poliomyelitis and Measles at concentrations of 500 and 100 µg/mL respectively (51).
Cytotoxicity and phytotoxicity
The crude extract of H. strigosum and its resultant fractions possessed strong cytotoxic and phytotoxic activity. In brine shrimp toxicology assays, the fractions of ethyl acetate and chloroform showed strong cytotoxic actions with LD 50 8.3 µg/mL and LD 50 8.8 µg/mL respectively, followed by relatively weak crude methanolic extract with LD 50 909 µg/mL and nhexane fraction with LD 50 1000 µg/mL while in the case of phytotoxic activity against Lemna acquinoctialis, strong phytotoxic effect was showed by ethyl acetate fraction with LD 50 91.0 µg/mL respectively while chloroform fraction, plant crude extract and n-hexane fraction caused 50%, 30.76 ± 1.1% and 30.7 ± 1.1% inhibitory action respectively at maximum concentration that is 1000 µg/mL (52). From the ethanolic extract of aerial parts of H. subulatum, nhexane, dichloromethane fractions of extract and crude extract were examined for cytotoxic activity. It was revealed that that n-hexane fraction showed potent cytotoxic activity at a concentration of 3 mg/mL (51). The aqueous extract of senescent leaves of H. foertherianum and one of its isolated compounds rosmarinic acid were assessed for its effects against a pacific ciguatoxin (P-CTX-1B) in the neuroblastoma cytotoxicity assay and the receptor-binding assay. The cytotoxicity elicited by P-CTX-1B was inhibited by the aqueous extract of H. foertherianum at concentrations up to 2734 µg/mL and by rosmarinic acid up to 607 µg/mL, the concentrations at which they began to be cytotoxic (53). The methanolic extract of dried plant material of aerial parts of H. zeylanicum was examined for cytotoxicity in vitro against MRC5 human cell line. The extract demonstrated significant cytotoxic activity with an IC 50 of 13.00 µg/mL (54).The methanolic extract of the dried roots of H. indicum was studied for considerable cytotoxic activity by using the brine shrimp lethality bioassay. The extract showed different mortality rate at different concentrations with the LC 50 of 47.86 µg/mL and LC 90 of 75.85 µg/mL respectively (50).
Antiproliferative and antitumor activity
Ethanolic extract of whole plant of H. indicum revealed substantial anti-proliferative activity against SK-BR-3 human breast adenocarcinoma cell line using MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide]assay. The IC 50 value of extract is 34 ± 9.09 µg/mL as compared to the standard drug used, paclitaxel with IC 50 value 22.20 ± 2.30 µg/mL (55). The petroleum ether extract of aerial parts of H. ovalifolium were tested to identify its ability to inhibit specific cytokines, interleukin-6 (IL-6) at the dose of 7.6 µg/mL respectively (56).The methanolic extracts of stem and leaf of H. indicum possessed a significant antitumor activity andIC 50 for both the extracts found to be 200 µg/mL, whereas stem extracts exhibited excellent activity up to 64.5% at 200 µg/mL followed by leaf extract up to 49.67% at 200 µg/mLrespectively (57).
Antituberculosis activity
The volatile oil isolated from the aerial parts of H. indicum was tested for antituberculosis activity and the outcomes exhibited significant activity against Mycobacterium tuberculosis attenuated strain with the MIC of 20.8 µg/mL as compared to the standard drugs used that were isoniazide and kanamycin (58).
Antidiuretic activity
The methanol extract of the dried roots of H. indicum was examined for antidiuretic activity by observing different urination parameters of mices. The study revealed that the extract has a marked diuretic effect by the electrolyte loss ratio (Na + /K + excretion ratio was 1.38 and 1.45 at the doses of 200 and 400 mg/kg respectively) as that of the standard diuretic furosemide whose ratio was 1.37 (50).
Histo-Gastroprotective activity
The histo-gastroprotective activity of the aqueous extract of the dried leaves of H. indicum was evaluated in wistar rats, where ulceration of the gastric mucosa was induced by the oral administration of 80 mg/kg/body weight of indomethacin. The aqueous extract exhibited histo-gastroprotective effect at the dose of 100, 200 and 400 mg/kg/body weight respectively in a dose dependent manner. This effect of the aqueous extract might be due to the presence of its tannins, alkaloids and saponins (59).
Nephroprotective effect
The nephroprotective effect of methanolic extract of dried roots of H. eichwaldi was estimated in male swiss albino mices against cisplatin-induced acute renal damage. The results revealed that methanolic extract can be reflected as a potential contestant for protection of nephrotoxicity induced by cisplatin at the dose of 200 mg/kg and 400 mg/kg (60).
Wound healing activity
The petroleum ether, chloroform, methanol, and aqueous extracts of leaves of H. indicum were separately evaluated for their wound healing activity in rats using excision (normal and infected), incision, and dead space wound models. In the incision wound infection model, group of animals treated with methanolic extract demonstrated significant healing activity with the period of epithelialization that was 16.23 ± 0.98 days as compared to the group of animals treated with standard drug nitrofurazone with the period of epithelialization 13.5 ± 1.54 days. It is also observed in this model that the methanol and aqueous extract treated animals showed significant increase in the wound breaking strength up to 478.55 ± 12.63 g and 378.63 ±18.02 g whereas the other extracts are unsuccessful to produce significant effects (61).
Anti-plasmodial activity
The ethanolic extract of flowers, roots and stems of H. europaeum var. lasiocarpum revealed significant anti-plasmodial properties against Plasmodium falciparum. At the concentration of 100, 50, 25 µg/mL, the ethanolic extract of flowers demonstrated 33, 10, 6% of inhibition while the extract of roots revealed 91, 59, 19% of inhibition and the extract of stems shown 80, 72, 37% of inhibition at the same concentration (62). The dichloromethane, methanol and aqueous extracts of fresh plant material of H. indicum were tested for significant anti-plasmodial activity against P. falciparum. The dichloromethane extract was generally more active than other extracts but among these extracts, no one exposed the substantial antiplasmodial activity. H.indicum revealed some anti-plasmodial activity because of its only use in the treatment of few malarial symptoms named as hyperthermias or colics (63). The methanolic extract of dried plant material of aerial parts of H. zeylanicum was examined for anti-plasmodial activity in vitro against chloroquine-resistant strain (KI) and sensitive strain (FCR3). The extract demonstrated significant anti-plasmodial activity with an IC 50 of 8.41 µg/mL (54).
Antifertility activity
The n-hexane and benzene fractions of the ethanol extract of H. indicum were studied for antifertility activity in rats using antiimplantation and abortifacient models. The study revealed that the effect of ethanolic extract and its n-hexane and benzene fractions on percentage pre-implantation lost in pregnant rats as 30% and 35%, 40% and 60%, 30% and 50% at the dose of 200 and 400 mg/kg body weight respectively while the effect of ethanolic extract and its fractions on percentage abortion in pregnant rats as 50% and 60%, 50% and 60%, 30% and 60% respectively at the same dose. Thus, the H. indicum study revealed better abortifacient activity and moderate antiimplantation and sperm motility (64).
Anti-cataract activity
The ethanolic leaf extract of H. indicum was found to be having anti-cataract activity in the galactose induced rats. The results revealed that ethanolic extract at the dose of 200 mg/kg along with Vitamin E whose dose was 50 mg/kg and 30% galactose diet leads to the significant increase in the glutathione lens, soluble proteins and water contents as compared to the standard galactose diet given to the rats. Thus, it was concluded that H. indicum leaf extract possessed protective action against galactose induced cataract in rats (65).
Analgesic activity
The aqueous and ethanolic extract of fresh plant material of H. indicum demonstrated the significant analgesic activity in formalininduced pain model in mice. For comparison of analgesic effect, morphine and diclofenac sodium were used as a reference opioid and NSAID, respectively. At the dose of 30-300 mg/kg, the aqueous and ethanolic extracts inhibited both the first and second phases of formalin-induced nociception in a dose dependent manner. Oral administration of aqueous extract at the dose of 1-5 g/kg in formalin-induced mice were tolerated in acute toxicity studies but oral administration of 1-2 g/kg of the extracts in sprague-dawely rats produced pathologic effects on heart, kidney, liver and lungs. Therefore, instead of the fact that aqueous and ethanolic extracts have analgesic activity, it could have cumulative toxic effects. Thus, prolonged and continuous use is not recommended (66).
PHYTOCHEMICAL EVALUATION OF GENUS HELIOTROPIUM
A variety of constituents are identified and isolated from different species of genus Heliotropium which are phytochemically active and have significant therapeutic effects. Many classes of organic compounds such as pyrrolizidine alkaloids (PAs), phenolic compounds, terpenoids and quinones are very abundantly present in Heliotropium. Pyrrolizidine alkaloids (PAs) are mainly occur as esters being accompanying with characteristic mono or dibasic acids known as necic acids. Triterpenoids are the compounds which contain almost 30 carbon atoms and occur as esters or glycosides. Flavonoids are the largely occurring phenols formed of three acetate units and a phenylpropane unit (78) . A list of phytochemically active constituents is shown as under (see Table 4 ). 
TOXICOLOGY STUDIES ON DIFFERENT SPECIES FROM GENUS HELIOTROPIUM
In spite of enormous benefits, species of genus Heliotropium are very poisonous in nature due to presence of pyrrolizidine alkaloids. Human deaths reported due to accidental consumption of these species in many countries. Liver damage was caused by pyrrolizidine alkaloids because they were responsible for hepatic-veno occlusive disease. A disease which became endemic in Afghanistan due to consumption of (123, 124) . In Australia, a disease in broiler chickens was reported due to heliotrine, a pyrrolizidine Experimental work showed that intake of H. europaeum in Australia produced identical lesions that were seen in the natural disease due to presence of heliotrine and lasiocarpine in this species (125). (130) . In short, during these critical studies, the scientists mainly focused upon some of the leading anatomical and morphological features of leaves and stems of these species. These primary characteristics include venation of leaves, leaf measurements including length (cm), width (cm) and form of leaf, inflorescence measurements, different features of stomata mainly types and no. of stomata, length (mm) and width (mm) of stomata, different types and measurements of pollen grains and different studies of epidermal layers, cortex cells and pith cells.
CONCLUSION
Heliotropium has been traditionally used for treatment of gout, various inflammations, rheumatism, poisonous bites and skin diseases as a healing agent in various countries of the world. The medicinal importance of H. indicum is recognized worldwide and described in Indian, Brazilian, Ivorian and African folk medicine. In this paper, it is reviewed that Heliotropium species are highly valued for antimicrobial and antioxidant activities due to isolation of secondary metabolites like alkaloids, flavonoids and terpenoids. So it must say that Heliotropium can be used for the treatment of various bacterial and fungal infections in modern medicine as it is proved from folk medicinal studies. In addition with anti-inflammatory, antiviral, antitumor, antidiabetic and antihyperlipidemic as well as gastroprotective activities also enhance the medicinal value of Heliotropium in future. Moreover, the medicinal importance of pyrrolizidine alkaloids (PAs), flavonoids and terpenoidshas enhanced during the last few years, particularly due to the advancements in different analytical and preparative methods such as liquid chromatography (LC), spectroscopic techniques and availability of faster biological screening methods. All these techniques have been extensively applied. However, knowledge on biotechnology and molecular biology of these chemical groups in plants and their functions in plant insect interactions is still under observation. The pyrrolizidine alkaloids that are abundantly found in Heliotropium are responsible for its poisonous nature like hepatotoxicity, mutagenicity and hepatocarcinogenicity. The toxic nature of pyrrolizidine alkaloids is due to many reasons such as the plants which are the main source of these alkaloids are consumed in food and sometimes used in the form of herbal medicines. Food is contaminated with pyrrolizidine alkaloids because of the elongated storage of many plants such as symphytum and petasites that used as green vegetables. The other reason behind this toxicity is the contamination of food grains with the seeds of plants containing pyrrolizidine alkaloids. This was the case behind the epidemic poisoning of Heliotropium reported in different areas of the world (131) . To overcome the poisoning of pyrrolizidine alkaloids, the intake of further plant material must be avoided. Usually, the nature of toxicity can be diagnosed on the basis of clinical signs and symptoms, the compatible changes occurred in biochemical mechanisms and the history of exposure. Inspite of this strong evidence regarding the data that the plants of the genus Heliotropium have many effective therapeutic actions in the management of various sicknesses, some questions looking for reasonable answers. For example, the revolution of clinical trials, using a large number of patients, is still necessary to know about the unwanted effects, for the better examination of the mechanism of action of the active ingredients and an evaluation of the possible drug interactions among the active principles present in such plants needs to be approved before their use in clinical practice. Finally, the clinical use of these plants as phytopharmaceuticals will depend on the development of suitable analytical procedures necessary for standardization of the numerous secondary metabolites existing in such herbals preparations. Thus, we conclude that plants of genus Heliotropium become a decent source of native medicines in upcoming era. 
